The area of cancer biology is one of the most exciting in all of science today. Knowledge about the causes of cancer changes on an almost daily basis and, in the past several years, more important discoveries have been made than in all of the previous decades combined. This article will review this field and provide diagrams that can be used to bring this information to students in the classroom.
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Causes of Cancer
Most of the evidence available today suggests that a normal cell can be transformed into a cancer cell when certain genes become activated. Three major groups of cancer causing agents (carcinogens) have been identified. They are: (1) certain viruses, (2) radiations and (3) certain chemicals.
Viruses (Figure 1 ) cause many animal cancers such as cat leukemia and are associated with some human cancers including T-cell leukemia, Burkitt's lymphoma, nasopharyngeal carcinoma and cervical cancer (Marx 1986 ). Cancer viruses either contain a central core of DNA or RNA. This viral genetic information becomes incorporated into the cellular genome and, in some way, transforms the cell into a cancer cell. Radiation (Figure 2 ), whether it be nuclear radiation or ultraviolet radiation from the sun, breaks cellular DNA, and if the breaks are not properly repaired, the cell may become transformed into a cancer cell.
Finally, the chemical carcinogens (Figure 3 ), such as those found in cigarette smoke (Figure 4 ), usually react with the bases in DNA. Most carcinogens act in one of three ways: (1) they attack a base and change its base-pairing properties, resulting in a mutation in the next round of DNA synthesis; (2) they damage DNA in a way that temporarily blocks DNA synthesis, causing alternate DNA synthesis pathways to be set into motion that result in replication errors (mutations); (3) they insert themselves between base pairs causing bases to be lost or added during subsequent DNA replication (Marx 1986; Miller 1970 ; Oppenheimer 1985 for review).
Oncogenes
The most exciting of all recent work in cancer biology concerns the study of oncogenes. As mentioned above, most carcinogens cause cancer by their action on DNA. It appears that certain cellular genes, termed protooncogenes, can become activated forming oncogenes-genes that can cause the cell to become cancerous. The notion of oncogenes really began with the work of Howard Temin decades ago. Temin proposed that cancer-causing viruses act by incorporating a cancer-causing gene into the cell's chromosome set. This notion gave rise to the concept of oncogene (cancer-causing gene). As this idea developed in many laboratories, it was further suggested that an oncogene might be present in the inactive form in normal cells and in some way activated in cancer cells, or alternatively, an oncogene could be brought into the cell by a virus. The actual discovery of oncogenes in human and animal cells was the result of combining new technologies of molecular biology, molecular genetics and cell biology to seek these predicted genes. This discovery (Weinberg 1983 ), which will be described briefly below, was perhaps the most significant of all findings in cancer research, for it is providing the beginnings of the understanding of the molecular basis of cancer.
Isolation of Human Cancer Oncogene
Weinberg and colleagues were first to isolate an oncogene from human cancer cells (Weinberg 1983; Paul 1984; Oppenheimer 1985) . They isolated DNA from human bladder cancer cells, fragmented it into small pieces and added the DNA fragments to a culture of mouse cells (strain 3T3). Some of the mouse cells became transformed into cancer cells. This experiment strongly suggested that an oncogene, present in the human DNA fragments was able to transform non-cancer cells into cancer cells (Figure 5) .
In another experiment, the DNA fragments from the human bladder cancer cells were separated into a large number of fractions and each was tested for ability to transform the mouse cells. Only a single DNA fragment could induce transformation. This fragment contained the human bladder cancer oncogene (Weinberg 1983 ; review in Oppenheimer 1985). As mentioned in our previous discussion, it was felt generally that there must be a counterpart of this bladder cancer oncogene in normal cells. Indeed, this was found to be the case, for a DNA fragment was isolated from normal human bladder cells that was very similar to the bladder cancer oncogene. The only difference was a one-base change in the coding sequence. A guanine in the normal DNA was replaced by a thymine in the oncogene. Thus, for this particular human bladder cancer, the oncogene is a mutant form of a normal gene, the difference being in only one single base. It is tempting to speculate, therefore, that a carcinogen may induce bladder cancer by causing such a one-base mutation in the appropriate gene.
Oncogenes and Cancer
The puzzle of the molecular basis of cancer is beginning to clear, but many questions still must be answered. One question is how are oncogenes activated? In other words, how do the normal counterparts of oncogenes become active oncogenes? One way, as shown by the bladder cancer story, is by induction of a mutation in the normal gene, causing it to become an active oncogene. In recent months, other activation mechanisms also have been discovered. One mechanism involves translocating the protooncogene to a chromosomal region that promotes gene activity so that the newly located oncogene produces excessive quantities of its messenger RNA (Paul 1984 tooncogene to move from its normal location in chromosome 9 to chromosome 22. At this new location, the rate of synthesis of the oncogene messenger RNA is eight-fold greater than when the gene is in chromosome 9. This excess amount of oncogene messenger RNA, which leads to synthesis of excess amounts of the protein coded by the oncogene, may be a major factor that causes cancer. Figure 6 provides a summary of some of the oncogenes that so far have been discovered. It has long been thought that many cancers occur as a result of a two-step process: (1) initiation and (2) promotion. This was suggested more than 60 years ago by observations made by Peyton Rous in which cancers appeared able to remain in a dormant state until they were activated by an irritating substance. A complete set of full page size copies of the figures presented in this article, which can be used for overhead projection in the classroom, will be provided at no cost, by contacting the author.
